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The metabolism of fat and carbohvrate during

hemorrhagic shock in
the unanesthetized
subhuman primate:
Changes 1n serum levels
of free fatty acids, total
hpids, insulin, and
glucose

S Aarbohydrate and fat are the major
cellular substrates of oxidative metabolising
thercfore, their fate during hemorrhagic hy-
potension is important to the understanding
of the biochemistry of the low flow state.
Previous work from this and other labora-
torits has shoivn that septic and hemorrhagic
shock in the haboon are associated with hy-

glycemia  and  hypoinsulinemia®- = 1t

Other studies in experimental animals and

patients have cmphasized the mobilization
and pussible elevation -of seramn free fatty
acids during stress and shock,® - % 132
The reiationship  hetween  carbohydrate
changes and lipid wobilization. is chsely
Jinked in the normal subject: changes in this
refationship during shock may be rritical in
understanding changes in cellular metabolism

Repint sequents: Aroedd G, Cean, MB. Childien™s
Unit. faon Aneeles Counte-USC Medical Center, 1129 N
State M., Lin Ancrles, Calif, ®033.

Aevrpea for publication Sept,. 3, 1971,

The opininae or awcttions containn] hetein are thow of
the authorn and are not 1o e onntiued a0 official or
sefleetime the viers of the Nasy Departseent vr of the
Naval Servive at borer,

The expristents reparted herrin wete condurted awcording
uv the peincipies st otk in Guide for  Laboraters
Animale Faciitics and Care prepared by the Connitter
on the Guide for Laboratny Anisal Rewnoers, 'fational
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Vol.71. No. 3, pp. 463369
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and the possible toxic effacts of clevations
of certain lipid moicties. Most of the previous
work in this area has been carried out on
anesthetized dogs: ancwhesia and  species
varation may well make these wesults less
applicable to the clinical situation. We have,
thercefore, undertaken the study of the rela-
tionship between fat and carbohydrate in
the awake baboon subjected to hemorrthagic
hypotension.

MATERIALS AND METHODS

Ten adult male baboons (Papio doguera ),
weighing between 21 and 29 kilograms, were
divided into two groups of five animals each.
After an overnight fast of 10 to 12 hours,
cach animal was tranquilized intramuscular-
Iy with 1-(1-phenyicyclohexyls  piperidine
hvdrochloride {Sermvlany, 1.0 mg. per kilo-
gram of body weight, for insertion of cathe-
ters four hours prier to the siint of the
expenment. Polyetinviene catheters were in-
wrted- iito both femorl arteries and veins,
and one vrnous catheter was threaded into
the central position. The animzl was then
placed in a specially designed  chinir and
allowed to awaken, One anterial and one
venous catheter were connected 1o pressure
tansducers. By means of a preassplifier aond-
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Fig. 14, Hear! rate changes in contral and Lemor-
rhaged baboons. MAP stands for the wmean arteiial
pressure, as it does in all other fivures in which
it appears {mean = S.EM. 3.

a multichannel polygraph with an oscillo-
stope, pressures were continuously monitored.
Each pressure recording system was  eili-
brated against a mercury maitometer to
“insure linearity and accuracy. The clectro-
cardiogram was also monitored continuously.

_After base-line measurements were taken
and blood samples were drawn, hemorrhagic
shock -was induced four hours after the
baboon had received the Sernvlan: at this
point, ithe animal was fully awake. Blood was
removed from the femoral artery catheter
into a sterile bag containing acid-citrate-
dextrase (ACDY solution. Blood was re-
moved over a 15 minute period so that the
mean arterial presure would be reduced 10
60 smn, He. This pressure was maintained
for one hour; additional biood was then
removed over 3 fiveeminute period until the
mean arterial pressure was 45 nun. Hg. This
final pressure was maintained for 3% hows
by withdrawal of mwire blood or infusion of
soine of the sled blood.

Candize output was measured “every half
hour during the experinent with the use of
indocyanine green and a densitoreter svs-
tem. A kitown amount of -dve was injevted
into the central venous eatlweter and anterial
bleod was aspiraed for dve sampling by
means of a withdrmval pump, After caclt
determinanon, the blood was reitifusd, The
calibration factor for the densitometer was
determined  during the hase-line  meaore-
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Fig. 1. Mean arterial peessute changes in con-
tral and hemorthaged baboons (inean 2 S.E ML)
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Fix. 1C. Cardiac output changes in control and
hemorrhaged haboons (mnean & S.EM.),

ment and at the end- of the study. Arterial
blood was drawn every 30 minutes for the
following determinations: pH. Po.. Peo,
lactate, hematocrit, sermn free fatty acids,
serum total lipids, serum insuling and serum
slucose, 7

Arterial pH and gases wete measured with
the pH-gas analyzer® on blood which was
collect~d anacrobically in heparinized glass
syringes. Arterial Iaetate was detennined by
the ename method.t One o two niiliiliters
of arterizl bleod was imnediately deprotein-
ired in o solution of percliloric acid and the
supernaant was subsequently  anmoved.
Capiliary tubes and a microcenuifuge 1+ ere
used to measure the hematocrit. For the fat
wnalyses, the-blond sangde was macdintely

“Inramentation Laboratsy, Inc., Bowten,  Mas,

thavtate SttPack, Calbhcbem, Lo Awodee, Galf,
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Fig. 24. Changes in arterial pH during hemor-
thagic shoek in the baboon {mean £ SEM.Y,

centrifuged and the serum was immediately
removed and frozen for subsequent analysis.
Free fatty acids were analyzed by the colori-
metsic micremethod of Mackenzie and co-
vworkers® A colored complex s formed be-

- tween the free fatty acids, uranyl jon, and

the basic dye, Rhodamine B; this complex is
then measured in a spectrophotometer. Total
lipids were measured by the colorimetric
method based on the silfo-phosphovanillin
reaction.® Sermm insulin concentrations were
measured by radioimmunsassay with the ue
of destran-coated charcoal to separate anti-
hody-bound insulin from unbound insulin.’
Porcine insulin standards were used. Serum
ghwose levels were -measured by the fer-
ricvanide method on a0 dual-channed Tech-
nicon auto analyrer,

At the end of the experiment, one control
anitnal and al! five bled animals anderent
agtopsy: sections of lung, liver, and jum-
sreas were removed for microscopic study,
The mean. standird deviation, and standand
enor of the mean were calcalated for all
dota: the statistical significance “was deter-
mined with the Student’s t 1est,

RESULTS S

Hemodynamically,  the  control  animals
showed no chateres i eart rate, wean ar-

" tenial pressure, or cardiae output during the
cesperiments (Figs. 14 and 18, Likewise,
the arterial pH and lactate did not change
n the control animale {Figs. 24 and 28,
The hematocrit decteased froan 38 £ 3 w0 -
30 ¢+ 4 pereent {men £ SEMY ovr e
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ig. 26, Changes in blood lactate level during
hemorrhagic shork in the baboon (méan 2 S EM. ).

three and one-hall hour period. but this
decrese was not statistically significant (p
> 015 In the hemorrhaged aninals, the
heart rate did not ehange signiicantly during
the experiment: however, the eardiac output
decreased from 3.2 £ 0.4 to 14 2 04 L. per
minute {p < QO 30 minutes after the
onset of shock {Fig. 142, The drop in
eardiae output continued so that 30 minutes
after the animal reached o mean anterial
pressure of 43 mm. Hy, the output was 0.9 =
0.2 {p << 0.001:. At the end of 335 houss,
the ontput was 1.3 = 0.4 {p < 0.01;5. The
arterisl pH tended 1o fudl i the bled anie

mals: however, this decline was never statis
tically significant {Fig. 23, The lactate fevel
showed a significant rise 3¢ minutes afior
the onset of shock (p - 0.031: this increase
continted  thrughout the experiment,  re-
sulting in a final value of 689 + 206 my.

pereent {p < 0033 (Fig. 21, The hemito-
erit deereased  signiticantly  throughout  the
experiient; at 3%4 hours, the vilue had

fillen from 38 2 2 0 26 2 3 pereent {p <
002,

The control anunals showed no chanse
serum glueme or serum insulin levels dunng
the experimental period {Fige 34 and 35,
The shocked animals, on the ether hand,
showed a signiticant hyperglvaemin of 352 =
20 . perceni-S0-minntes after the enset of
shoek (p < 0623, The serum glucose Jevel
iti thewe animals returned o hase line ar the
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Fig. 34. Scrum glucose levels in control and
hemorchaged baboons (mean * S.EM.}.
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Fig. 3B Serum  insulin levels in control and
hemorthaged baboons (mean £ SEM.).

end of the study. Thirty minutes after
hemorrhage. the serum insulin level had
fallen from 19.0 + 6.1 t0 7.6 £ 0.8 xU per
milliliter, significantly lower than the com-
parable control value (p < 0.02) (Fig. 3).
Serum total lipids did not chauge in the
vontrol or the bled animals during the |\ x-
periment {(Fig. 43, The control animzls
showed no significant change in serum free.
fauy acids (FFAY: however, 3% hours afier
hemorthage, the FFA level was 382 pereent
of base line (p < 0.05) in the shocked
group, although ne significant élevation wis
scen during the early hypotensive period
{Fig. 3.

There were no significant gross or micro-
scopic changes in tie tissues from the con-
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Fig. 4. Serum 1otal Bipids during hemorrhagic
shock in the baboon {mean * S.EM.J.
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Fig. 5. Scrum free fatty acids in control and

hemotthaged baboons, Percent change from base
fine {mean 2 S.EM.).

trel and bled animak. Of imporntanve is the
fact that no increased fat deposition was
sven in the liver or lungs of the hemoithazed
animals.

DISCUSSION

The shock mode]l used in the present
studies causes o severe hemodynamic atul
thictabolic insult to the aninuls, as evideuced
by the marked decrease in eardiac output
and the significant elevation in blood lactates,
This model results in 100 percent moitalite
rate if the animal is not weated. Hypoin-
sulinemia slong with kyperglveemia has been
demonstrated in the hemorthaged baboon by
Mo and colleaguest and in the septic
beboor by Cryer and co-workers® * The
relationship of these findings te changes in
lipid metabolism. however, was not investi-
gated. ‘

- Most of the investigations carticd out on
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the effect of shock on serum FFA' and tri-
elycerides have shown conflicting  results.
Farago and colleagues' demonstrated a de-
crease in serum FFA's during hemorrhagic
shock in the dog. Groves and co-worken®
and Kovack and colleagues® showed no
change in FFA levels during hemorriagic
and septic shock in the dog. On-the other
hand, Carlson® showed that” norepinephrine
infusion led to fatty acid elevation in the
serum of dogs, and Skillmau and colleagues!?
demonstrated that a i3 percent bleed in
normal humans led to a significant elevation
of the level of the serum FFA's. Likewise,
Mays™ has shown that surgical traumma
ciuses a significant elevation of seram FFA's.
Our studics show that the severe stress of
our hemorrhagic shock model causes an cle-
vation of - FFA's, but this rise becomes
significanit only 3%% howrs after henorrhage.
One of the problems in studying the un-
anesthetized animal is the major degree of
stress the baboon is subjected to before any
shock is induced. This is reflected in the hish
base-line values of FFA's in the controt and
shocked animals {161 £ 047 and 1.85  0.68
mEq. per liter}. This stress also leads to a
wide seatter in the data, making it difficelt
to demonstrate significant changes with small
numbers-of animials. "The high base line of
the FFA’s was also scen in the study by
Skillman and colleagues™ on normai human
volunteers, whe were obviously stressed while
various procedures were being carried out to
prrform the study; the initial values in their
study were 136 mEq. per Titer, ot value much
higher than the normal Jevels in humans.
Other factors, which may totally or partinlly
account for the lack.of a statistically signifi-
cant carly rise in FFA’s sevondary to the
early fail in serum insulin, are (1 a balanced
increase in FFA  mobilization and FFA
utilization during hemorthage and (23 rapid
physiologic fluctuations in sernun FFA levels
which obscure sall elevations during shock.
In addition, the late nse of FFA's during
hemorrhagic by potension way reflect dimin-
ished FFA clearance due to decreased per-
fusion of metabolically actice tisues,

The short period of . investigation in the

Fat and carbolydrate metabolism and hemorrhagic shock 469

present study would preclude any possibility
of detecting changes in total serum lipids,
since changes in total fipids usually take
several hours to days o occur. Groves and
co-workers® found that the scrum triglye.
erides rose in bacteremic dogs: however,
thes do not state at what time during the
shock period this occurred (they studied their
animals for 21 to 72 hours after the onset of
shock).

SUMMARY

Five adult baboons were subjected 16
hemarrhagic hypotension for a period of 314
honrs, and another five baboons served as the
control animals. The aimals were studied
in a spedaily designed chain while fully
awake. During the period of hypotension,
the cardinc output decreased significantly
from 3.2 £ 04 to 0.9 £ 0.2 L. per minute,
A ! the arterial Iactate rose from 16.4 2 3.3
to 795 = 199 mg. percent, Thiny minutes
after hemorrhage, e serum insulin had
fallen from 190 + 0.1 to0 7.6 = 0.8 U per
milliliter. and the glucose had risen to o peak
of 252 = 20 mg. percent. Despite the develop-
ment of hypoinsulinemia, ne  statistically
significant acute change in the mean serum
free futty acid (FFA: concentration was
demnonstratable; however, after 312 hours the
mean FFA level was 382 percent of base line
in the in potensive group and ot sigaificantly
ratsed i the control animals. Possible rea-
sons why the carly hemorrhagic hypoinsuli-
nemia did not lead 10 the expected early ele-
vation in the FFA's are discussed,

The authors acknowledge the technival assiste
ance of Mrs. R. Cheute Mr. ] Magee, and
Nav; hospitai corpamen Vangeloff and MeCanty.
The surgical procedures and additional Iaboratory
support weie given by the following Navy hospital
corpsnin: Horton,  Volker, Hawker. Dostaiek,
Spenner, DiSimone. Strohman, Martinen, Lane.
West,  Chester. Rashton,  Rivis, Thompaon.
Shoulders. and Rearly, al:ne with M. J. Ewell.
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